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METHODS, COMPOSITIONS, UNIT DOSAGL
FORMS, AND KITS TESTING FOR

PHARMACOLOGIC STRESS TESTING WITH
REDUCED SIDE EFFECTS

1. CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of application Ser. No.
11/772,684, filed Jul. 2, 2007, which claims the benefit under

35U.S.C. §119(e) of provisional application No. 60/818,928,
filed Jul. 5, 2006, the content of all of which are incorporated
herein 1n their entireties by reference thereto.

2. BACKGROUND

Functional assessment of myocardium, in particular the
evaluation ol the myocardium’s oxygen status, 1s important in
guiding therapeutic decisions in the care of patients with
cardiac i1schemia. In current clinical practice, myocardial
iIschemia status 1s most often assessed using non-invasive
nuclear perfusion 1imaging methodologies, such as planar
scintigraphy or single photon emission computed tomogra-
phy (SPECT), with thallium and technetium as the most
frequently used i1sotopes. More recently, positron emission
tomography (PET) with rubidium-82 has been gaining rec-
ognition as providing improved 1mages with less radiation.
Semi-invasive transesophageal doppler echography 1s also
useful to study the motion of ventricular walls, and non-
invasive transthoracic doppler echocardiography 1s an easy
and non-1nvasive methodology for measurement of coronary
flow reserve.

These functional tests typically require that the patient’s
heart be “stressed”, either through controlled exercise or by
pharmacologic means, and are thus generically and colloqui-
ally known as “stress tests”. Pharmacological stressors for
functional assessment ol myocardium act through coronary
vasodilation: by dilating normal vessels to a greater extent
than diseased vessels, these agents establish a shunt, or “myo-
cardial steal”, that produces differential increases 1n blood
flow 1n healthy vs. diseased arteries 1n patients with coronary
artery disease, optimizing the discriminatory imaging of car-
diac muscle areas 1n need of oxygen supply.

Adenosine and dipyridamole are coronary vasodilators,
cach of which 1s approved for individual use as a pharmaco-
logic stressor for stress testing. Adenosine acts directly by
stimulating adenosine purinergic P1 receptors on the arterial
wall. Dipyridamole is believed to work indirectly by blocking,
reuptake of adenosine at the cellular level, leading to an
increase in endogenous adenosine concentration in the blood.
Dipyridamole produces similar near-maximal coronary
hyperemia to that produced by exogenous adenosine, but less
quickly.

To ensure near-maximal coronary vasodilation, and to pro-
vide sullicient time for the acquisition of cardiac images,
adenosine 1s infused for 6 minutes at a dosage rate of 140
ug/kg patient body weight/min; dipyridamole 1s infused for 4
minutes at 140 ug/kg patient body weight/min. Thus, the total
recommended dose of adenosine 1s 0.84 mg/kg, and the total
recommended dose for dipyridamole 1s 0.56 mg/kg at the
mimmum and 0.80 mg/kg on average 1 a 4 minute infusion.
I1 vasodilation 1s insuificient, the total dose of dipyridamole
can be increased up to 0.95 mg/kg, admimstered over a 6
minute infusion.

Although infused for only a few minutes, compounds that
stimulate adenosine receptors are accompanied by numerous
uncomfiortable adverse etfects. With adenosine, the most fre-
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quently reported are flushing (44%), chest pain or chest dis-
comiort (40%), dyspnea (28%), headache (18%), throat or
neck or jaw discomiort (15%), and gastrointestinal discom-
tort (13%); other side eflects are less frequent.

The adverse eflects of adenosine are dose-dependent.
Symptoms such as heat sensation, flushed face, dyspnea and
chest pain increase as adenosine dosage 1s increased from 60
to 140 ng/kg/min, 1n a six minute infusion. Chest pain typi-
cally appears at doses of 90 ug/kg/min, and becomes frequent
at 120 pg/kg/min. At a dosage of 70 nug/kg/min or less, it has
been noted that adenosine adverse reactions are very few and
of mild intensity. However, when administered by intrave-
nous perfusion at 70 ug/kg/min or less, or even at 90-120
ug/keg/min, adenosine shows reduced etlicacy, and 1s not rec-
ommended for stress testing at such reduced dosages.

The side efiect profile of dipyridamole 1s similar, but with
adverse events occurring less often. However, dipyridamole
side effects last longer, are more difficult to manage, and thus
more Irequently require the administration of intravenous
aminophylline as an antidote.

Because dipyridamole 1s understood to act by increasing,
endogenous adenosine, use of both adenosine and dipy-
ridamole at full intravenous dosage 1s contraindicated. Analo-
gously, oral intake of dipyridamole prior to an adenosine
pharmacologic stress testing 1s generally avoided.

In an eflort to reduce side effects at maximally effective
agonist doses, adenosinergic agents are being developed that
are selective for the A2a receptor subtype. See, e.g., U.S. Pat.
Nos. 6,531,457; 6,448,235; 6,322,771; and 5,877,180. Spe-
cific compounds 1n development include regadenoson, bin-
odenoson and apadenoson (BMS068645). However, despite
their receptor selectivity, only modest reductions in side
cifects have been observed with these compounds. In addi-
tion, the compounds have a longer duration of action than
adenosine; accordingly, the side effects, e.g., flushing, head-
ache, and dyspnea, are longer lasting. Thus, although more
specific than adenosine, these agents may be more likely to
trigger prolonged side effects, and to require administration
of pharmacologic antidotes, than 1s adenosine 1tself, whose
side effects rapidly dissipate once admimstration 1s stopped.
Moreover, none of these selective agents has yet been
approved for clinical use.

There thus exists a continuing need 1n the art for injectable
agents that can be used for pharmacologic stress testing that
have the rapid onset and short half-life of adenosine, and thus

can be managed clinically 1n the same manner as adenosine,
and that provide maximal efficacy with reduced side etlects.

3. SUMMARY

Although dipyridamole 1s believed to act indirectly by
increasing adenosine concentration, and in clinical practice
has a side effect profile similar to that of adenosine, I have
now discovered that extremely low parenteral doses of dipy-
ridamole—on the order of 5% of the dose now used clinically
in cardiac 1maging studies—can potentiate the vasodilation
clfects of adjunctively administered adenosine without com-
mensurate potentiation of adenosine’s side effects. This per-
mits adenosine to be used at reduced dosage to effect coro-
nary vasodilation, e.g., for {functional assessment of
myocardial function, with equal or superior efficacy as com-
pared to current protocols, yet with reduced side effects.
Moreover, the clinical and hemodynamic effects advanta-
geously stop less than one minute after cessation of adenosine
administration.
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Accordingly, described herein are methods, compositions,
unit dosage forms and kiats that exploit this newly discovered
phenomenon.

In a first aspect, methods of effecting coronary vasodilation
for cardiac diagnosis are provided. The method comprises
concurrently administering adenosine and dipyridamole,
wherein adenosine and dipyridamole are administered
parenterally at an adenosine:dipyridamole weight ratio of
about 2:1 to about 10:1.

In certain embodiments of the method, the adenosine:dipy-
ridamole ratio 1s about 2:1 to 4:1, such as 4:1; in various other
embodiments, the adenosine:dipyridamole ratio 1s about 7:1
or about 8:1.

In various embodiments of the method, adenosine 1s
administered at a dosage rate of 35 to 100 pug/kg/min and
dipyridamole 1s administered at a dosage rate 01 3.5-50 ug/kg/
min. In some embodiments, adenosine 1s administered at a
dosage rate of 70 ug/kg/min and dipyridamole 1s adminis-
tered at a dosage rate of 10 ug/kg/min; adenosine 1s admin-
istered at a dosage rate of 70 ug/kg/min and dipyridamole 1s
administered at a dosage rate of 8.75 ng/kg/min; adenosine 1s
administered at a dosage rate of 50 ug/kg/min and dipy-
ridamole 1s administered at a dosage rate of 12.5-25 ug/kg/
min.

Adenosine and dipyridamole may be parenterally admin-
1stered continuously for a period of at least about 2 minutes,
typically less than about 6 minutes. In certain embodiments,
adenosine and dipyridamole are parenterally administered
continuously for a period of about 4 minutes.

In some embodiments of the methods presented herein,
adenosine and dipyridamole are administered as a single
composition. In other embodiments, adenosine and dipy-
ridamole are administered from separate compositions.

In a variety of embodiments, at least one adenosine and
dipyridamole 1s admimstered by intravenous infusion. In
some embodiments, at least one adenosine and dipyridamole
1s administered by intra-atrial or intra-arterial administration.
In some embodiments, the dosage of that agent can be
adjusted downward using a dosage multiplier of Y200-V400, as
compared to the itravenous dosage. In embodiments 1n
which adenosine and/or dipyridamole 1s admimstered by
intra-coronary administration, the dosage of that agent can be
adjusted downward using a dosage multiplier of Y200-V400, as
compared to the mtravenous dosage.

In certain embodiments, the method usetully further com-
prises the step of assessing cardiac function. Assessing car-
diac function may include use of one or more techniques
selected from the group consisting of: electrocardiography, M
mode echography, two dimensional echography, three
dimensional echography, echo-doppler, cardiac imaging, pla-
nar (conventional) scintigraphy, single photon emission com-
puted tomography (SPECT), dynamic single photon emis-
sion computed tomography, positron emission tomography
(PET), first pass radionuclide angiography, equilibrium
radionuclide angiography, nuclear magnetic resonance
(NMR ) imaging, perfusion contrast echocardiography, digi-
tal subtraction angiography (DSA), and ultrafast x-ray com-
puted tomography (CINE CT). In certain embodiments, func-
tional assessment 1s performed by SPECT, in other
embodiments, the assessment 1s performed by PET.

In certain embodiments of the methods that further com-
prise assessment of cardiac function, assessing cardiac func-
tion includes parenteral admimstration of an 1sotope. The
1sotope 1s typically administered no less than 2.5 minutes
alter the concurrent parenteral administration of adenosine
and dipyridamole has begun. In some embodiments 1sotope
can be administered no less than 2.55 minutes, no less than
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2.6 minutes, no less than 2.65 minutes, no less than 2.7
minutes, no less than 2.75 minutes after the concurrent
administration of adenosine and dipyridamole has begun. In
some embodiments 1sotope can be administered about 2.5-
2.75 minutes after the concurrent parenteral administration of
adenosine and dipyridamole has begun.

In a second aspect, methods are provided for effecting
coronary vasodilation for cardiac diagnosis. These methods
comprising: (1) parenterally administering dipyridamole; and
(11) concurrently or sequentially thereafter parenterally
administering an adenosine receptor agonist. Each of dipy-
ridamole and the adenosine receptor agonist 1s administered
at a dosage lower than that required for maximal coronary
vasodilation when administered as a single agent by 1dentical
parenteral route.

In some embodiments, the adenosine receptor agonist 1s
selected from the group consisting of: adenosine, adenosine
triphosphate (ATP), adenosine diphosphate (ADP), adenos-
ine monophosphate (AMP), and pro-drugs and pharmaceuti-
cally acceptable salts of adenosine or AMP, ADP, ATP.

Each route of parenteral administration may be indepen-
dently selected from the group consisting of: intra-arterial,
intravenous, and atrial administration. In some embodiments,
dipyridamole 1s administered by intravenous or intra-arterial
bolus injection. In certain embodiments, dipyridamole 1s
administered as an intravenous or intra-arterial bolus at a
dosage of no more than 140 ng/kg, no more than 50 ug/kg,
even no more than 40 ug/kg, and typically at a dosage of at
least 14 ug/kg. For example, 1n some embodiments, dipy-
ridamole 1s administered as an intravenous or intra-arterial
bolus at a dosage of 23 to 60 ug/kg, such as 35 ug/kg or 40
ng/ke.

In various embodiments, dipyridamole 1s administered by
intravenous infusion over 1 or 2 minutes.

In some of these embodiments, the adenosine receptor
agonist administration 1s begun after completion of dipy-
ridamole administration, such as between 30 seconds an 2
minutes after dipyridamole 1njection or infusion.

In a variety of embodiments, dipyridamole 1s administered
in admixture with the adenosine receptor agonist by intrave-
nous infusion over 2 to 6 minutes, such as for 4 minutes.

In typical embodiments, the adenosine receptor agonist 1s
adenosine, administered by intravenous infusion at a dosage
rate of about 35 pug/kg/min-100 png/kg/min. In these embodi-
ments, adenosine 1s administered at a dosage rate no more
than about 100 ug/kg/min. In some embodiments, adenosine
1s administered at a dosage rate of no more than about 70
ug/keg/min, even no more than about 50 ug/kg/min. In exem-
plary embodiments, the adenosine receptor agonist 1s adenos-
ine, administered by itravenous infusion at a dosage rate of
at least about 35 ug/kg/min, even at least about 50 ug/kg/min.
For example, 1n some embodiments, adenosine 1s adminis-
tered by intravenous infusion at a rate of about 50 ug/kg/min
to about 70 ug/kg/min, such as about 70 ug/kg/min.

In some embodiments, dipyridamole 1s administered intra-
venously and adenosine 1s administered intravenously.

In certain exemplary embodiments, the adenosine receptor
agonist1s adenosine, the total dose of dipyridamole 1s 23 to 40
ug/ke, and the dosage rate for adenosine 1s 50 to 70 ug/kg/
min. For example, in some embodiments, the total dose of
dipyridamole 1s 40 ug/kg and the dosage rate for adenosine 1s
70 ng/kg/min.

The method may further comprise the step of: assessing
cardiac function. In some embodiments, assessing cardiac
function includes parenteral administration of an 1sotope, and
the 1sotope 1s administered after 2 minutes, when dipy-
ridamole and the adenosine receptor agonist are administered
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sequentially, and after 2.5 minutes, after 2.55 minutes, after
2.6 minutes, after 2.65 minutes, after 2.75 minutes, after 2.8
minutes, after 2.85 minutes, atter 2.9 minutes or after 2.95
minutes but before 3 minutes, when dipyridamole and the
adenosine receptor agonist are administered concurrently. In
some embodiments, 1sotope 1s administered at about 2.5-2.75
minutes aiter sequential administration of dipyridamole and
the adenosine receptor agonist.

In a third aspect, pharmaceutical compositions comprising,
adenosine and dipyridamole are presented. The compositions
comprise adenosine and dipyridamole in adenosine: dipy-
ridamole weight ratios of about 2:1 to about 10:1, such as

about 2:1 to about 4:1. In some embodiments, the ratio 1s
about 7:1 or 8:1.

In various embodiments, adenosine and dipyridamole are
present 1n amounts that permit adenosine to be administered
atadosage rate o1 35 to 100 ng/kg/min and dipyridamole to be
administered at a dosage rate of 3.5 to 50 ug/kg/min.

The composition may be a sterile fluid, such as a sterile
fluid suitable for parenteral administration, such as intrave-
nous administration. In some embodiments, adenosine and
dipyridamole are present at concentrations that permait direct
intravenous administration, without dilution.

In various embodiments, adenosine and dipyridamole are
present at concentrations that permit administration of
adenosine at a dosage rate of 70 ng/kg/min and dipyridamole
at a dosage rate of 8.75 to 10 pg/kg/min. In some embodi-
ments, adenosine and dipyridamole are present at concentra-
tions that permit administration of adenosine at a dosage rate
of 50 nug/kg/min and dipyridamole at a dosage rate of 12.5 to
25 ng/kg/min.

In a range of embodiments of the pharmaceutical compo-
sitions here provided, the concentration of adenosine 1s about
1 to 10 mg/ml. Usetully, the concentration of adenosine 1s
about 3 mg/ml or 4 mg/ml, even 5 mg/ml, or 7 mg/ml.

In certain embodiments, the concentration of dipyridamole
1s about 0.1 to 5 mg/ml, such as: 0.375 t0 0.428 mg/ml; 0.5 to
0.571 mg/ml; 0.6251t00.714mg/ml; 0.75 t0 0.857 mg/ml; and
0.875 to 1 mg/ml. The concentration may, for example, be 1
mg/ml.

In another aspect, unit dosage forms are provided that
contain pharmaceutical compositions as above-described,
comprising adenosine and dipyridamole.

In some embodiments, the unit dose contains about 2 to 50
ml of the pharmaceutical composition formulated as a sterile
fluid, typically a sterile, nonpyrogenic, solution suitable for
parenteral administration. In some embodiments, the unit
dose contains about 2 ml, 3 ml, 4 ml, 7 ml, 8 ml or 14 ml.

In some embodiments, the unit dose contains about S to 60
mg of adenosine and about 0.5 to 30 mg of dipyridamole; the
composition 1s a solid capable of sterile reconstitution 1n a
physiologically acceptable solvent or solution.

In exemplary embodiments, for example, the unit dosage
contains about 14 mg of adenosine and about 2 mg of dipy-
ridamole, 21 mg of adenosine and about 3 mg of dipy-
ridamole; about 28 mg of adenosine and about 4 mg of dipy-
ridamole; about 35 mg of adenosine and about 5 mg of
dipyridamole; about 42 mg of adenosine and about 6 mg of
dipyridamole; about 56 mg of adenosine and about 8 mg of
dipyridamole; about 20 mg of adenosine and about 3 to 10 mg
of dipyridamole; about 30 mg of adenosine and about 7.5 to
15 mg of dipyridamole; about 40 mg of adenosine and about
10 to 20 mg of dipyridamole.

In a further aspect, unit doses of dipyridamole are pro-
vided. In various embodiments, dipyridamole 1s provided in
solution at a concentration of about 0.1 to 5 mg/ml.
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In certain embodiments, the dipyridamole concentration 1s
usetully about 0.5 mg/ml. Among these embodiments are unit

dosage forms that contain 3 mg dipyridamole 1n 6 ml; 4 mg
dipyridamole in 8 ml; 5 mg dipyridamole in 10 ml; 6 mg
dipyridamole in 12 ml; 8 mg dipyridamole in 16 ml. In some
embodiments, the umit dose contains dipyridamole at a con-
centration between about 3 mg/ml and about 5 mg/ml, such as
3 mg/ml or 4 mg/ml, usefully 1n volumes of 1 ml or of 2 ml,
providing unit dosage forms containing 6 mg dipyridamole in
2 ml and 8 mg dipyridamole 1n 2 ml.

In a further aspect, unit doses of adenosine are provided.
Theumtdoses are formulated 1n sterile fluid composition, and
the dose packaging permits sterile introduction of a second
fluid 1n a volume at least 15% that of the adenosine compo-
sition. The second flmid usetully comprises dipyridamole.

In exemplary embodiments, the unit dose contains 21 mg
adenosine 1n 6 ml; 28 mg adenosine in 6 ml; 42 mg adenosine
in 12 ml; or 56 mg adenosine 1 12 ml.

In some embodiments the unit dose may comprise adenos-
ine at a concentration of about 4 mg/ml. In some embodi-
ments, the unit dose contains 28 mg adenosine 1n 7 ml; 56 mg
adenosine 1 14 ml.

Also provided are kits. The kits comprise at least one unit
dose of dipyridamole and at least one unit dose of adenosine.
In some embodiments, the at least one umit dose of dipy-
ridamole 1s a unit dose as above-described, and the unit dose
ol adenosine 1s a unit dose as above-described.

4. DETAILED DESCRIPTION

4.1 Overview

Although dipyridamole 1s believed to act indirectly by
increasing adenosine concentration, and 1n clinical practice
has a side effect profile similar to that of adenosine, I have
now discovered that extremely low parenteral-subclinical
doses of dipyridamole—on the order of 5% of the dose now
used clinically 1n cardiac imaging studies—can potentiate the
vasodilation effects of adjunctively administered adenosine
without commensurate potentiation of adenosine’s side
elfects. This permits adenosine to be used at reduced dosage
to effect coronary vasodilation, e.g., for functional assess-
ment of myocardial function, with equal or superior efficacy
as compared to current protocols, yvet with reduced side
effects, of short duration.

In the first of two clinical studies reported in detail below
(Example 1), the hemodynamic effects of administering dipy-
ridamole and adenosine intravenously as a combined (albeit,
sequentially administered) pharmacological stressor were
compared to the effects of administering adenosine alone 1n
40 consecutive patients sulfering from ischemic heart dis-
case. Hach patient served as his own control. Dipyridamole
was administered as an intravenous bolus. Adenosine was
administered immediately thereafter by continuous intrave-
nous infusion for three minutes. Each of the two agents was
administered at a dosage lower than 1ts clinically preferred
dosage when used as a single agent for myocardial perfusion
imaging: dipyridamole at 4-6% of 1ts single-agent total dose,
adenosine at one half 1ts single-agent dosage rate.

Effects were measured using noninvasive transthoracic
doppler echocardiography (1 TDE). The measured blood flow
velocities (known as reflecting coronary blood flow values),
whether peak or mean, were 1.5 to 4% lower 1n absolute
values than those measured upon administration of adenosine
alone at its standard dosage rate. However, these differences
were not statistically significant (p>0.03): there was no sta-
tistical difference between the current standard treatment—
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infusion of adenosine alone at 140 ug/kg/min—and sequen-
tial bolus administration of dipyridamole at 4-6% of its
typical single-agent total dose followed by adenosine nfu-
sion at 70 pg/kg/min.

In addition, among the first series of 30 patients, three (3)
patients received the adenosine infusion two minutes after the
dipyridamole bolus, rather than immediately thereafter, and
two (2) patients were injected with the two agents concur-
rently 1n the same infusion line using a “Y” connector. No
differences were seen as compared to the sequential admin-
istration protocol.

A significant reduction was seen 1n the incidence of chest
pain among the 40 patients 1n this study, as compared to the
number reporting chest pain upon administration of adenos-
ine alone at 140 ug/kg/min. In addition, the severity of the
three main adverse side effects—chest pain, dyspnea, and
flushing—cumulated across all dipyridamole doses, was
reduced by 31.6% with the sequential combination as com-
pared to standard adenosine treatment. This decrease was
statistically significant (p=0.001).

As reported 1n detail in Example 2, below, 277 patients have
now been assessed 1n a subsequent Phase 11 study comparing
dipyridamole-adenosine combination administration to
adenosine alone (Adenoscan®, Astellas) as the pharmaco-
logic stressor 1n coronary patients undergoing single photon
emission computed tomography (SPECT) imaging studies.

Data from 1nitial patients who participated 1n a preliminary
dose-finding study demonstrated that either bolus intrave-
nous administration of dipyridamole at 35 ug/kg over 20-30
seconds, followed by intravenous infusion of adenosine at 70
ug/kg/min (tested 1n 3 patients) or the concurrent administra-
tion of the two drugs at the same dosage (tested 1n 5 patients),
provided images comparable to Adenoscan (adenosine at 140
ug/kg/min) in 7 consecutive patients, while under-scoring
Adenoscan 1n one patient, but within the acceptable limits
defined by the protocol. The combination stressor of 40 ug/kg
dipyridamole followed by 70 ug/kg/min adenosine tested 1n
10 patients or their concurrent administration at the same
dosage (adenosine 70 ug/kg/min with dipyridamole 10 ng/kg/
min) tested 1n 9 patients showed equivalent, and sometimes
better results, than Adenoscan 1n terms of 1maging efficacy in
10 and 9 consecutive patients respectively.

Significant reduction in both the occurrence and the sever-
ity of chest pain with the dipyrndamole-adenosine combina-

tion, as compared to adenosine alone, was observed, as was
reduction 1n ST changes on EKG.

The data from these two studies demonstrate that the
sequential bolus admimistration of dipyridamole at 28 to 40
ug/kg—well below the total dose infused when dipyridamole
1s used as a single agent stressor—iollowed by infusion of
adenosine at 70 pg/kg/min (50% less than 1ts usual dosage), 1s
equally efficacious 1n providing coronary vasodilation for
imaging studies, while causing fewer side etfects. The data
also demonstrate that dipyridamole and adenosine may be
combined 1n a single infusion, over 4 minutes, to similar
elfect. Among the side effects reduced by the combination of
the present invention are chest pain, and the risk of significant
heart blockage.

Accordingly, described herein are methods, pharmaceuti-
cal compositions, unit dosage forms, and kits that exploit this
discovery, combining adenosine with dipyridamole at dos-
ages at which some of the most frequent side effects of both
adenosine and dipyridamole, notably cardiac side eflects, are
significantly reduced, while maintaining optimal coronary
vasodilation for the diagnosis of myocardial 1schemia.
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4.2 Methods of Effecting Coronary Vasodilation

(L]

In a first aspect, methods of effecting coronary vasodilation
for cardiac diagnosis are provided.

In typical embodiments, the methods comprise parenter-
ally administering dipyridamole and concurrently or sequen-
tially thereaiter parenterally administering an adenosine
receptor agonist. Each of dipyridamole and the adenosine
receptor agonist 1s administered at a dosage lower than that
required for maximal coronary vasodilation when the respec-
tive agent 1s administered individually by 1dentical parenteral
route. Dipyridamole and the adenosine receptor agonist are
administered 1n amounts, at weight ratios, and for a time,
suificient to achieve the desired therapeutic or diagnostic
elfect.

Programmable syringe pumps or micropumps, as are typi-
cal 1n clinical practice, are usefully employed to facilitate
parenteral administration 1n precise dosage.

The route of parenteral administration 1s chosen based
upon the desired clinical effect, as further described below. In
certain embodiments, at least one of dipyridamole and the
adenosine receptor agonist 1s administered by intravenous
infusion. In other embodiments, at least one of dipyridamole
and the adenosine receptor agonist 1s administered by 1ntra-
arterial infusion, such as intra-coronary infusion, or by intra-
atrial infusion. In these latter embodiments, the active 1s
administered at a lower rate, and at a lower dosage, than for
intravenous 1nfusion, as further described below. In yet other
embodiments, at least one of the actives 1s administered as a
perfusate.

In some embodiments, at least one of dipyridamole and the
adenosine receptor agonist 1s infused over a period of time of
at least 1 minute, typically at least 2 minutes, 3 minutes, 4
minutes, 5 minutes, even at least 6 minutes. As used herein,
“continuous infusion” intends infusion over a period of at
least 2 minutes.

In some embodiments, dipyridamole 1s administered by
intravenous infusion at an infusion rate from 3.5 ug/kg/min to
50 pg/kg/min. All dosage ranges described herein include the
upper and lower recited limits, and nonintegral intermediary
values. Thus, 1n some embodiments, dipyridamole 1s infused
at a rate of at least about 3.5 pug/kg/min, at least about 4
ug/kg/min, at least about 5 ug/kg/min, at least about 6 ug/kg/
min, at least about 7 ug/kg/min, at least about 7.5 ug/kg/min,
at least about 8 pg/kg/min, at least about 8.75 ng/kg/min, at
least about 9 ng/kg/min, at least about 10 ug/kg/min, at least
about 11 ug/kg/min, at least about 11.25 ug/kg/min, at least
about 12 ug/kg/min, at least about 12.5 ug/kg/min, at least
about 13 ug/kg/min, at least about 13.75 ug/kg/min, at least
about 14 ug/kg/min, at least about 15 png/kg/min, at least about
16 ug/kg/min, at least about 16.25 ug/kg/min, at least about
1’7 ug/kg/min, and at least about 17.5 ng/kg/min, at least about
18 ug/kg/min, at least about 19 ug/kg/min, at least about 20

ug/kg/min, at least about 21 ug/kg/min, at least about 22
ug/kg/min, at least about 23 ug/kg/min, at least about 24
ug/kg/min, at least about 25 ug/kg/min, at least about 26
ug/kg/min, at least about 27 ug/kg/min, at least about 28
ug/kg/min, at least about 29 ug/kg/min, at least about 30
ug/kg/min, at least about 31 pug/kg/min, at least about 32
ug/kg/min, at least about 33 ug/kg/min, at least about 34
ug/kg/min, at least about 35 ug/kg/min, at least about 36
ug/kg/min, at least about 37 ug/kg/min, at least about 38
ug/kg/min, at least about 39 ug/kg/min, at least about 40
ug/kg/min, at least about 41 ug/kg/min, at least about 42
ug/kg/min, at least about 43 ug/kg/min, at least about 44
ug/kg/min, at least about 45 ug/kg/min, at least about 46
ug/kg/min, at least about 47 ug/kg/min, at least about 48
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ug/kg/min, at least about 49 ug/kg/min, at least about 50
ug/kg/min, with intermediate values permissible.

In some embodiments, dipyridamole 1s infused intrave-
nously at a rate of no more than about 50 ug/kg/min, no more
than about 49 ng/kg/min, no more than about 48 ug/kg/min,
no more than about 47 ng/kg/min, no more than 46 ug/kg/min,
no more than about 45 ug/kg/min, no more than about 44
ug/kg/min, no more than about 43 ug/kg/min, no more than
about 42 ng/kg/min, no more than about 41 pug/kg/min, no
more than about 40 ug/kg/min, no more than about 39 ug/kg/
min, no more than about 38 ug/kg/min, no more than about 37
ug/kg/min, no more than about 36 ug/kg/min, no more than
about 35 ug/kg/min, no more than about 34 ng/kg/min, no
more than about 33 ng/kg/min, no more than about 32 ug/kg/
min, no more than about 31 ug/kg/min, no more than about 30
ug/kg/min, of no more than about 29 ug/kg/min, no more than
about 28 ng/kg/min, no more than about 27 ug/kg/min, no
more than about 26 ug/kg/min, no more than about 25 ug/kg/
min, no more than about 24 ug/kg/min, no more than about 23
ug/kg/min, no more than about 22 ug/kg/min, no more than
about 21 ng/kg/min, no more than about 20 ug/kg/min, no
more than about 19 ug/kg/min, no more than about 18 ug/kg/
min, no more than about 17.5 ng/kg/min, no more than about
1’7 ug/kg/min, no more than about 16.25 ug/kg/min, no more
than about 16 ng/kg/min, no more than about 15 ug/kg/min,
no more than about 14 ng/kg/min, no more than about 13.75
ug/kg/min, no more than about 13 pg/kg/min, no more than
about 12.5 ug/kg/min, no more than about 12 pug/kg/min, no
more than about 11.25 ng/kg/min, no more than about 11
ug/kg/min, no more than about 10 ug/kg/min, no more than
about 9 ng/kg/min, no more than about 8.75 nug/kg/min, no
more than about 8 ug/kg/min, no more than about 7.5 ug/kg/
min, no more than about 7 ng/kg/min, no more than about 6

ug/kg/min, no more than about 5 ug/kg/min, no more than
about 4 ug/kg/min, no more than about 3.5 ug/kg/min, with
intermediate values permissible.

In some embodiments, dipyridamole 1s administered as a
bolus, typically over a period of about 20-30 seconds.

In some of these embodiments, dipyridamole 1s adminis-
tered as an 1ntravenous bolus. In such embodiments, dipy-
ridamole 1s administered at a dosage between 14 ug/kg to 140
ug/kg. In various embodiments, dipyridamole 1s administered
intravenously as a bolus at a dosage between 28 ng/kg and 40
ng/kg.

Thus, 1n certain embodiments, dipyridamole 1s adminis-
tered as an intravenous bolus at a dose of at least about 14
ug/kg, atleast about 20 ng/kg, at least about 25 ug/kg, at least
about 28 ng/kg, at least about 29 ug/kg, at least about 30
ug/kg, atleast about 31 ng/kg, at least about 32 ug/kg, at least
about 33 ng/kg, at least about 34 ug/kg, at least about 35
ug/kg, atleast about 36 ng/kg, at least about 37 ug/kg, at least
about 38 ng/kg, at least about 39 ug/kg, at least about 40
ug/kg, atleast about 45 ng/kg, at least about 50 ug/kg, at least
about 55 ug/kg, at least about 60 pg/kg, at least about 65
ug/kg, even at least about 70, 80, 90, 100, 110, 120, 130, even
140 pg/kg, with intermediate doses permissible.

In some embodiments, dipyridamole 1s administered intra-
venously as a bolus at a dosage of no more than about 140
ug/kg, 130 ug/kg, 120 ng/kg, 110 ug/kg, 100 ug/kg, 90 ng/kg,
80 ug/kg, 70 ug/kg, even no more than about 60 ug/kg, even
no more than about 35 ug/kg, no more than about 50 png/kg, no
more than about 45 ug/kg, no more than about 40 ug/kg, no
more than about 39 ug/kg, no more than about 38 ug/kg, no
more than about 37 ug/kg, no more than about 36 ug/kg, no
more than about 35 ug/kg, no more than about 34 ug/kg, no
more than about 33 ug/kg, no more than about 32 ug/kg, no
more than about 31 ug/kg, no more than about 30 ug/kg, no
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more than about 29 ng/kg, no more than about 28 ug/kg, no
more than about 25 ug/kg/, no more than about 20 ug/kg/, no
more than about 14 ng/kg, with intermediate values permis-
sible.

When administered to a human being, the dosages of dipy-
ridamole useful 1n the methods of the present invention can be
expressed 1 ug by multiplying the dosage, expressed as
ug/keg, by the weight of the individual. For example, for a
human weighing 50 kg, the dosage of dipyridamole useful in
the present methods can be expressed as ranging between 700
to 7,000 ug; for a human being weighing 60 kg, the dosage of
dipyridamole can be expressed as ranging between 840 to
8,400 ug; for a human being weighing 75 kg, the dosage of
dipyridamole can be expressed as ranging between 1,050 to
10,500 ug; and for a human being weighing 100 kg, the
dosage can be expressed as ranging between 1,400 to 14,000
HE.

In various embodiments, dipyridamole 1s infused intra-
arterially at an infusion rate of no more than about 0.07
ug/kg/min, no more than about 0.06 ng/kg/min, no more than
about 0.05 ug/kg/min, no more than about 0.04 ug/kg/min, no
more than about 0.03 ug/kg/min, no more than about 0.02
ug/kg/min, or no more than about 0.01 ug/kg/min, with inter-
mediate values permissible.

In various embodiments, the adenosine receptor agonist 1s
selected from the group consisting of adenosine, and adenos-
ine donors (that 1s, compounds that can be metabolized to
adenosine), including natural donors such as adenosine triph-
osphate (ATP), adenosine diphosphate (ADP), and adenosine
monophosphate (AMP), each at approximately the same dos-
ages as adenosine, and any synthetic molecule that 1s capable
of being metabolized to adenosine, and pharmaceutically
acceptable salts thereof.

Typically, adenosine 1s used. For convenience, 1ts particu-
lar use will hereatter be described, without intending thereby
to limit the described methods to use of adenosine as the
adenosine receptor agonist.

In some embodiments, adenosine 1s administered by intra-
venous 1nfusion at an infusion rate between 35 pg/kg/min to
100 pg/kg/min. Thus, in some embodiments, adenosine 1s
infused at a rate of at least about 35 pg/kg/min, at least about
40 ng/kg/min, at least about 45 pg/kg/min, at least about 50
ug/kg/min, at least about 55 ug/kg/min, at least about 60
ug/kg/min, at least about 65 ug/kg/min, at least about 70
ug/kg/min, at least about 75 ug/kg/min, at least about 80
ug/kg/min, at least about 85 ug/kg/min, at least about 90
ug/keg/min, at least about 95 ng/kg/min, and at least about 100
ug/keg/min, with intermediate values permissible.

In various embodiments, adenosine 1s infused intrave-
nously at a rate of no more than about 100 ug/kg/min, no more
than about 95 ng/kg/min, no more than about 90 ug/kg/min,
no more than about 85 ng/kg/min, no more than about 80
ug/kg/min, no more than about 75 ug/kg/min, no more than
about 70 ug/kg/min, no more than about 65 ug/kg/min, no
more than about 60 ng/kg/min, no more than about 55 ug/kg/
min, no more than about 50 ug/kg/min, no more than about 45
ug/kg/min, no more than about 40 pg/kg/min, no more than
about 35 ng/kg/min, with intermediate values permissible.

When administered to a human being, the dosage rate of
adenosine can be expressed in ug/min by multiplying the
dosage rate expressed mn pg/kg/min by the weight of the
individual. For example, for a human being weighing 50 kg,
the dosage of adenosine useful 1n the practice of the present
methods can be expressed as ranging between 1,750 to 5,000
uwg/min; for a human being weighing 60 kg, the dosage rate of
adenosine can be expressed as ranging between 2,100 to
6,000 ug/min; for a human being weighing 75 kg, the dosage
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ol adenosine can be expressed as ranging between 2,625 to
7,500 ng/min; and for a human being weighing 100 kg, the
dosage of adenosine can be expressed as ranging between
3,500 to 10,000 pg/min.

In some embodiments, adenosine 1s administered by 1ntra-
arterial infusion, such as intracoronary infusion, at an infu-
s1on rate about 200- to 400-1old lower than intravenous infu-
sion. Thus, in some embodiments, adenosine 1s infused at a
rate of at least about 0.50 ng/kg/min, at least about 0.45
ug/kg/min, at least about 0.40 ng/kg/min, 0.35 ug/kg/min, at
least about 0.30 ng/kg/min, at least about 0.25 ng/kg/min at
least about 0.20 ng/kg/min, at least about 0.15 ug/kg/min, at
least about 0.10 ng/kg/min, with intermediate values permis-
sible.

In various embodiments, adenosine 1s infused intra-arteri-
ally and 1n particular intracoronarily at an infusion rate of no
more than about 0.10 pg/kg/min, no more than about 0.15
ug/kg/min, no more than about 0.20 ug/kg/min, no more than
about 0.25 ug/kg/min, no more than about 0.30 ug/kg/min, no
more than about 0.35 pug/kg/min, no more than about 0.40
ug/kg/min, no more than about 0.45 ug/kg/min, even no more
than about 0.50 ug/kg/min, with intermediate values permis-
sible.

In various embodiments, the methods presented herein
comprise parenterally administering dipyridamole; and con-
currently or sequentially thereafter parenterally administer-
ing an adenosine receptor agonist, such as adenosine, at an
adenosine:dipyridamole (A:D) weight ratio of about 2:1 to
about 10:1. In various embodiments, the methods comprise
concurrently administering adenosine and dipyridamole at an
adenosine:dipyridamole ratio of about 2:1 to about 10:1.

In some embodiments, the ratio 1s about 2:1, 3:1, 4:1, 5:1,
6:1,7:1, 8:1, 9:1, even 10:1, with nonintegral ratios between
2:1 and 10:1 permissible. In certain embodiments, the meth-
ods comprise concurrent nfusion of adenosine and dipy-
ridamole at an A:D ratio of about 6:1 to 8:1, preferably about
7:1. For certain methods further described below, embodi-
ments usefully comprise concurrent parenteral infusion of
adenosine and dipyridamole at an A:D weight ratio of about
2:1to4:1.

In some embodiments, dipyridamole 1s administered by
intra-coronary infusion: in such embodiments, dipyridamole
1s typically administered at an infusion rate which 1s about 17
that of adenosine, and between 0.01 to 0.07 ug/kg/min. Thus,
in some embodiments, dipyridamole 1s infused intra-arteri-
ally at a rate of at least about 0.01 ug/kg/min, at least about
0.02 ng/kg/min at least about 0.03 ug/kg/min at least about
0.04 ng/kg/min at least about 0.05 ug/kg/min at least about
0.06 ug/kg/min at least about 0.07 ug/kg/min.

In various embodiments, dipyridamole 1s adminmistered as
an 1intravenous bolus, and adenosine 1s administered thereat-
ter as an intravenous infusion.

In certain such embodiments, dipyridamole 1s adminis-
tered over about 20-30 seconds, and adenosine 1s therealter
infused for about 2 to 6 minutes.

In these embodiments, the total dose of dipyridamole given
intravenously as a bolus 1s typically between Yis to 124, e.g.,
150 (5%), that of the total recommended standard dose when
dipyridamole 1s used as a single agent (standard single agent
dose: 0.56 mg-0.80 mg/kg). In these embodiments, the total
dose of mtravenously infused adenosine 1s typically 25% to
50% that of the total recommended standard dose when
adenosine 1s used as a single agent (standard single agent
dose: 0.84 mg/kg).

In typical embodiments, dipyridamole 1s administered as
an IV bolus over 20-30 seconds at a dosage of 14 to 60 ug/ke,
followed immediately (that 1s, as soon as climically practi-
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cable, typically within about 5 to 30 seconds) by the infusion
of adenosine at a dosage of 35 to 100 ng/kg/min for a period
ol 3 to 6 minutes. The duration of adenosine administration 1s
determined by the chosen 1imaging methodology, as 1s well
known 1n the art.

In some embodiments, an intravenous dipyridamole bolus
of 28-40 ug/kg 1s followed immediately—that 1s, as soon as
clinically practicable, typically within about 5 to 30 sec-
onds—by intravenous infusion of adenosine at 50-70 ug/kg/
min for 2 to 6 minutes. In certain embodiments, an IV dipy-
ridamole bolus of 40 ug/kg 1s followed immediately by
intravenous admainistration of adenosine at 70 ug/kg/min for 4
minutes.

In sequential administration embodiments, adenosine infu-
sion may be delayed as long as 2-10 minutes after dipy-
ridamole bolus, typically no more than 5 minutes after dipy-
ridamole bolus.

In sequential administration embodiments, dipyridamole
may be injected manually as a bolus via a syringe, although

programmable administration (e.g., by micropump) 1s also
possible. When administered by micropump, dipyridamole
may be injected over 1 or to 2 minutes prior to adenosine
infusion. Adenosine infusion 1s typically accomplished using
a programmable device so as to ensure 1ts measured delivery.

In some embodiments, dipyridamole and adenosine are
administered concurrently.

In certain concurrent administration embodiments, dipy-
ridamole and adenosine are in separate unit dosage forms, and
are mixed prior to administration and 1nfused together 1n a
single composition.

For example, 1n some embodiments, a volume of dipy-
ridamole corresponding to a dosage of 14 to 60 ng/kg 1s
sampled and a volume of adenosine corresponding to a dos-
age o 35 to 100 pg/kg/min 1s similarly sampled and the two
mixed 1n the same syringe. The mixture 1s then infused over 3
to 6 minutes. The duration of intravenous administration 1s
determined by the chosen 1imaging methodology, as 1s well
known 1n the art.

In some embodiments, a volume of dipyridamole corre-
sponding to 28-40 ug/kg 1s sampled and a volume of adenos-
ine corresponding to a dosage of 50 to 70 ug/kg/min 1s simi-
larly sampled, and the two mixed in the same syringe. The
mixture 1s then infused over 3 to 6 minutes. In certain embodi-
ments, a volume of dipyridamole corresponding to 40 pg/kg
1s sampled and a volume of adenosine corresponding to a
dosage of 70 ug/kg/min 1s similarly sampled and the two
mixed 1n the same syringe. The mixture 1s then infused over 4
minutes. Thus, as 1s described further below, in another
aspect, specific unit dosage forms of adenosine are provided,
usetully copackaged with specific unit dosage forms of dipy-
ridamole, so as to facilitate the sequential sampling and mix-
ture of both actives in the same syringe.

In other embodiments, the total volume of the dipy-
ridamole unit dosage form 1s 1njected nto the adenosine vial
and the two are mixed. Thus, as described below, 1n another
aspect the invention provides unit dosage forms of adenosine
packaged so as to permit the sterile introduction of an appro-
priate volume of dipyridamole.

In embodiments 1n which the two actives are 1n admixture
in a single composition prior to administration, the volume to
administer 1s usetully calculated using adenosine dose tables
as reference.

In other embodiments, dipyridamole and adenosine are
concurrently administered from separate compositions. Use-
tully, the two agents may be introduced into the same infusion
line using a Y connector (at the same dosages as set forth
above).
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4.3 Methods of Pharmacological Stress Testing,

Vasodilation that 1s achueved according to the above-de-
scribed methods will often be used as a pharmacological
stressor 1n cardiac stress tests. Accordingly, i certain
embodiments, the methods further comprise the step of
assessing cardiac function.

Any method suitable for assessing cardiac function 1n car-
diac stress testing may be used.

In various embodiments, for example, assessing cardiac
function includes use of one or more techmques selected from
the group consisting of: electrocardiography, echography (M
mode, two-dimensional, and three dimensional), echo-dop-
pler, cardiac imaging, including planar (conventional) scin-
tigraphy, single photon emission computed tomography
(SPECT), dynamic single photon emission computed tomog-
raphy (D-SPECT™ Cardiac Scan), positron emission tomog-
raphy (PET), radionuclide angiography (first pass and equi-
librium studies utilizing, e.g., technetium-99m-labeled red
blood cells), nuclear magnetic resonance (NMR) 1maging,
perfusion contrast echocardiography, digital subtraction
angilography (DSA), and ultrafast x-ray computed tomogra-
phy (ONE CT).

SPECT and PET Present Certain Advantages.

SPECT studies can be performed using any of the 1sotopes
known to be suitable for such studies, such as thallilum-201,
technetium sestamibi, tetrofosmine. PET studies can be per-
formed using any of the 1sotopes known to be suitable for such
studies, such as for example rubidium-82, nitrogen-13, fluo-
rine-18, carbon-11, boron-11, and oxygen-13.

Typically, 1sotope 1s imnjected during the infusion of adenos-
ine, and imaging begins after the end of the infusion. In some
embodiments, the 1sotope 1s administered no less than about
2.5 minutes after adenosine mfusion has begun.

4.4 Pharmaceutical Compositions

In another aspect, pharmaceutical compositions that are
uselul i the above-described methods are provided.

In typical embodiments, the pharmaceutical composition
comprises adenosine and dipyridamole 1n an adenosine:dipy-
ridamole (A:D) weight ratio of about 2:1 to about 10:1, with
intermediate (including nonintegral) values permissible. In
certain embodiments 1n which adenosine 1s intended to be
administered at 70 ug/kg/min, the ratio 1s usefully about 7:1,
8:1, 9:1 and 10:1, with intermediate and nonintegral ratios
permissible. In other embodiments, 1n which adenosine 1s to
be administered at 50 pg/kg/min or less, A:D ratios are use-
tully about 2:1, 3:1, and 4:1, with intermediate and noninte-
gral ratios between 2:1 and 4:1 permissible. For certain clini-
cal methods, the composition usetully comprises adenosine
and 1nosine at an A:D weight ratio of about 7:1.

In certain embodiments, the pharmaceutical composition
1s suitable for intravenous, intra-atrial, or intra-arterial infu-
S1011.

The composition may, for example, be 1n the form of a
sterile, nonpyrogenic, fluid composition.

In typical fluid embodiments, the concentration of adenos-
ine 1s at least about 1 mg/ml, 2 mg/ml, 3 mg/ml, 4 mg/ml and
possibly 5 mg/ml, with intermediate, nonintegral, values per-
missible. These embodiments typically have a pH of about
3.5 to about 8. In other typical fluid embodiments with readily
a lower pH (e.g., pH 2-3.5), adenosine concentration can be
higher, even at least about 5 mg/ml, 6 mg/ml, 7 mg/ml, 8
mg/ml, 9 mg/ml and even 10 mg/ml, with intermediate, non-
integral, values permissible. In typical pharmaceutical com-
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position embodiments, adenosine 1s present at a concentra-
tion of about 3 mg/ml, 4 mg/ml, 5 mg/ml, or 7 mg/ml.

In various fluid embodiments, the concentration of dipy-
ridamole 1s at least about 0.1 mg/ml, and may usefully be as
high as 2.5 mg/ml, and even 5 mg/ml. The concentration may,
in certain embodiments, be at least about 0.1 mg/ml, 0.2
mg/ml, 0.3 mg/ml, 0.4 mg/ml, 0.5 mg/ml, 0.6 mg/ml, 0.7
mg/ml, 0.8 mg/ml, 0.9 mg/ml, 1 mg/ml, or more, including,
e.g.,1.1mg/ml, 1.2mg/ml, 1.3 mg/ml, 1.4 mg/ml, 1.5 mg/ml,
1.6 mg/ml, 1.7 mg/ml, 1.8 mg/ml, 1.9 mg/ml, 2 mg/ml, 2.1
mg/ml, 2.2 mg/ml, 2.3 mg/ml, or 2.4 mg/ml, 2.5 mg/ml, 3
mg/ml, 3.5 mg/ml, 4 mg/ml, 4.5 mg/ml, 5 mg/ml, with inter-
mediate and nonintegral values permissible (e.g., 0.43, 0.57,
0.71 or 0.86 mg/ml).

In certain embodiments, the composition comprises
adenosine at a concentration of about 3 mg/ml, and dipy-
ridamole at a concentration of about 0.375-0.428 mg/ml (A:D
ratios of 8:1 and 7:1), which may be rounded to 0.38-0.43
mg/ml. In one embodiment, for example, the composition
comprises adenosine at a concentration of about 3 mg/ml and
dipyridamole at a concentration of about 0.43 mg/ml (ratio
7:1). In another embodiment, the composition comprises
adenosine at a concentration of about 4 mg/ml and dipy-
ridamole at a concentration of about 0.5-0.57 mg/ml (ratios of
about 8:1 to 7:1). In another embodiment, the composition
comprises adenosine at a concentration of about 5 mg/ml and
dipyridamole at a concentration of about 0.62-0.71 mg/ml
(ratios of 8:1 and 7:1). In another embodiment the composi-
tion comprises adenosine at a concentration of about 6 mg/ml
and dipyridamole at a concentration of about 0.86 mg/ml
(ratio 7:1). In another embodiment, the composition com-
prises adenosine at a concentration of about 7 mg/ml and
dipyridamole at a concentration of about 1 mg/ml (ratio 7:1),
and so on, up to adenosine concentrations as high as 10
mg/ml.

In other embodiments, the composition 1s dry, and suitable
for reconstitution prior to infusion by addition of a sterile fluid
into which both dipyridamole and adenosine are readily solu-
bilized. Usetully, the composition comprises adenosine and
dipyridamole 1n amounts suitable to permit reconstitution 1n
the enclosing vessel to the adenosine and dipyridamole con-
centrations above-described.

Whether fluid or dry, the pharmaceutical composition may
turther comprise carriers and excipients suitable for intrave-
nous, intra-atrial, or intra-arterial administration, as are well
known 1n the art. Among such excipients are those used in
currently approved dipyridamole and adenosine composi-
tions, such as tartaric acid, hydrochloric acid and polyethyl-
ene glycol (macrogol 600). Others are permissible, such as,
for example, mannitol. See, Remington: The Science and
Practice of Pharmacy, 21%° ed. (2005), Lippincott Williams &
Wilkins (ISBN: 0781746736), incorporated herein by refer-
ence.

The compositions may further comprise additional actives,
and in some embodiments, may further comprise contrast
agents, including ultrasound and MRI contrast agents.

In embodiments intended for continuous intravenous infu-
sion 1n the methods above-described, adenosine 1s typically
present in the pharmaceutical composition at a concentration,
or 1n a weight amount, that permits adenosine to be infused at
a rate between about 35 pg/kg/min to about 100 ug/kg/min.

In some of these embodiments, adenosine 1s present 1n an
amount that permits infusion at a rate of at least about 35
ug/kg/min, at least about 40 ug/kg/min, at least about 45
ug/kg/min, at least about 350 ug/kg/min, at least about 55
ug/kg/min, at least about 60 ug/kg/min, at least about 65
ug/kg/min, at least about 70 ug/kg/min, at least about 75
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ug/kg/min, at least about 80 ug/kg/min, at least about 85
ug/kg/min, at least about 90 ug/kg/min, at least about 95
ug/kg/min, and at least about 100 ug/kg/min, with interme-
diate and nonintegral values permissible.

In some embodiments, adenosine 1s present in the compo-
sition 1n an amount that permits infusion at a rate of no more
than about 100 ug/kg/min, no more than about 95 ug/kg/min,
no more than about 90 ug/kg/min, no more than about 85
ug/kg/min, no more than about 80 ug/kg/min, no more than
about 75 ng/kg/min, no more than about 70 ug/kg/min, no
more than about 65 ug/kg/min, no more than about 60 ug/kg/
min, no more than about 55 ug/kg/min, no more than about 50
ug/kg/min, no more than about 45 pg/kg/min, no more than
about 40 ug/kg/min, no more than about 35 png/kg/min, with
intermediate and nonintegral values permissible.

In embodiments intended for continuous intravenous nfu-
s1on, dipyridamole 1s typically present 1n the pharmaceutical
composition at a concentration, or in a weight amount, that
permits dipyridamole to be infused at a rate between about 3.5
ug/kg/min to 50 ug/kg/min.

In some of these embodiments, dipyridamole is present in
an amount that permits infusion at a rate of at least about 3.5
ug/kg/min, at least about 4 ng/kg/min, at least about 5 ng/kg/
min, at least about 6 ug/kg/min, at least about 7 pg/kg/min at
least about 7.5 ug/kg/min, at least about 8 ng/kg/min, at least
about 8.75 ug/kg/min, at least about 9 ug/kg/min, at least
about 9.25 ng/kg/min, at least about 9.50 ng/kg/min at least
about 10 ug/kg/min, atleast about 11 ug/kg/min, at least about
11.25 nug/kg/min, at least about 12 pg/kg/min, at least about
12.5 ug/kg/min, at least about 13 pug/kg/min, at least about
13.75 pg/kg/min, at least about 14 ug/kg/min, at least about
15 png/kg/min, at least about 16 ug/kg/min, at least about
16.25 ng/kg/min, at least about 17 ng/kg/min, and at least
about 17.5 ng/kg/min, at least about 18 ug/kg/min, at least
about 19 ug/kg/min, at least about 20 ng/kg/min, at least about
21 ug/kg/min, at least about 22 ug/kg/min, at least about 23

ug/kg/min, at least about 24 ug/kg/min, at least about 25
ug/kg/min, at least about 26 ug/kg/min, at least about 27
ug/kg/min, at least about 28 ug/kg/min, at least about 29
ug/kg/min, at least about 30 ug/kg/min, at least about 31
ug/kg/min, at least about 32 ug/kg/min, at least about 33
ug/kg/min, at least about 34 ug/kg/min, at least about 35
ug/kg/min, at least about 36 ug/kg/min, at least about 37
ug/kg/min, at least about 38 ug/kg/min, at least about 39
ug/kg/min, at least about 40 ug/kg/min, at least about 41
ug/kg/min, at least about 42 ug/kg/min, at least about 43
ug/kg/min, at least about 44 ug/kg/min, at least about 45

ug/kg/min, at least about 46 ug/kg/min, at least about 47
pg/kg/mm at least about 48 pg/kg/min, at least about 49

ug/kg/min, at least about 50 ug/kg/min, with intermediate and
nonintegral values permissible.

In some embodiments, dipyridamole 1s present 1n the com-
position in an amount that permits imtravenous infusion at a
rate of no more than about 50 pg/kg/min, no more than about
49 ng/kg/min, no more than about 48 ng/kg/min, no more than
about 47 ug/kg/min, no more than about 45 ng/kg/min, no
more than about 44 ng/kg/min, no more than about 43 ug/kg/
min, no more than about 42 ug/kg/min, no more than about 41
ug/kg/min, no more than about 40 ug/kg/min, no more than
about 39 ng/kg/min, no more than about 38 ug/kg/min, no
more than about 37 ug/kg/min, no more than about 36 ug/kg/
min, no more than about 35 ug/kg/min, no more than about 34
ug/kg/min, no more than about 33 pug/kg/min, no more than
about 32 ng/kg/min, no more than about 31 pug/kg/min, no
more than about 30 ng/kg/min, of no more than about 29
ug/kg/min, no more than about 28 pug/kg/min, no more than
about 27 ng/kg/min, no more than about 26 ug/kg/min, no
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more than about 25 ng/kg/min, no more than about 24 ng/kg/
min, no more than about 23 ug/kg/min, no more than about 22
ug/kg/min, no more than about 21 ug/kg/min, no more than
about 20 ug/kg/min, no more than about 19 ug/kg/min, no
more than about 18 pg/kg/min, no more than about 17.5
ug/kg/min, no more than about 17 ug/kg/min, no more than
about 16.25 ng/kg/min, no more than about 16 ug/kg/min, no
more than about 15 ng/kg/min, no more than about 14 ng/kg/
min, no more than about 13.75 ug/kg/min, no more than about
13 ug/kg/min, no more than about 12.5 ug/kg/min, no more
than about 12 ug/kg/min, no more than about 11.25 ng/kg/
min, no more than about 11 ug/kg/min, no more than about 10
ug/keg/min, no more than about 9.25 ug/kg/min, no more than
about 9.50 ug/kg/min no more than about 9 ug/kg/min, no
more than about 8.75 ug/kg/min, no more than about 8 ng/kg/
min, no more than about 7.5 ug/kg/min, no more than about 7
ug/kg/min, no more than about 6 ug/kg/min, no more than
about 5 ng/kg/min, no more than about 4 ug/kg/min, no more
than about 3.5 ug/kg/min, with intermediate and nomintegral
values permissible

4.5 Unit Dosage Forms

4.5.1 Dipyridamole: Adenosine Combined Compositions

The pharmaceutical compositions described herein are
uselully packaged 1n a unit dosage torm adapted for use in the
methods above-described.

In embodiments in which the pharmaceutical composition
1s 1n the form of a liquid suitable for parenteral infusion, the
composition may, for example, be packaged in volumes of
2-50 ml. Convenient unit dosage forms contain 2 to 14 ml,
typically 2, 3, 4, 5, 6, 7, 8, or 14 ml. Unit dosage forms
containing volumes as low as 1 ml, and unit dosage forms
containing higher volumes, such as 15 or 20 ml, are also
possible. Intermediate and nonintegral volumes are permis-
sible.

Table 1 below lists certain usetul unit dosage form embodi-
ments of the adenosine: dipyridamole pharmaceutical com-
positions herein described.

TABLE 1
Total
Maximal amount of
Adenosine Total amount of patient dipyridamole
concentration Volume  adenosine per welght  (A:D ratio 7:1)

(mg/ml) (ml) dosage unit (mg) (kgs) (mg)
3 7 21 75 3
14 42 150 6
4 7 28 100 4
14 56 200 8
5 7 35 125 5
6 7 42 150 6
7 2 14 50 2
3 21 75 3
4 28 100 4
5 35 125 5
6 472 150 6
8 56 200 8

Thus, 1n some embodiments, the unit dosage form usefully
contains 14 mg of adenosine and 2 mg of dipyridamole in 2
ml; 21 mg of adenosine and 3 mg of dipyridamole 1n 3 or 7 ml;
28 mg of adenosine and 4 mg of dipyridamole 1n 4 or 7 ml; 35
mg of adenosine and 5 mg of dipyridamole in 5 or 7 ml; 42 mg
of adenosine and 6 mg of dipyridamole 1n 6 or 7 ml; 56 mg of
adenosine and 8 mg of dipyridamole 1n 8 or 14 ml.

Various embodiments usefully package 9 mg or 12 mg
adenosine respectively 1n 3 ml or 4 ml for light weight patients
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(e.g., children). Other embodiments usefully package 20 mg
adenosine 1in 5 ml total volume (20 mg/5 ml), 24 mg 1n 6 ml
total volume (24 mg/6 ml), and 25 mg 1n 5 ml total volume (235
mg/S ml). Various unit dose embodiments of the pharmaceu-
tical compositions described herein contain 30 mg adenosine
in a total volume of 6 ml (30 mg/6 ml), 30 mg/10 ml, or 32

mg/8 ml. Other unmit dose embodiments usefully contain
adenosine at 36 mg/9 ml, 40 mg/10 ml, 40 mg/8 ml, 44 mg/11

ml, 45 mg/15 ml and 50 mg/10 ml.

In certain embodiments, the unit dosage form contains, in
a total of 10 ml, 30 mg of adenosine and 3 to 5 mg of
dipyridamole, with intermediate and nonintegral amounts of
dipyridamole permissible (e.g., 3.75 mg or 4.28 mg, for A:D
ratios of 8:1 and 7:1). In other embodiments, a 6 ml vial or
ampule contains 24 mg ol adenosine with 3 mg of dipy-
ridamole (ratio 8:1). In other embodiments, an 8 ml vial or
ampule will usefully contain 32 mg of adenosine with 3.2 to
5.3 mg of dipyridamole, with intermediate and nonintegral
amounts of dipyridamole permissible (e.g., 4 mg to 4.57 mg,
for ratios of 8:1 and 7:1).

The container for unit dosage embodiments 1s typically
adapted for use with standard intravenous infusion sets.

In other embodiments, the unit dosage form contains
adenosine and dipyridamole as solids suitable for reconstitu-
tion.

Whether liquid or dry, the unit dosage form 1s typically
sterile and nonpyrogenic.

4.5.2 Dipyridamole Unit Dosage Forms

In typical embodiments of the methods herein described,
dipyridamole 1s administered at about 5% of the dose at which
it 1s currently administered as a single agent. Accordingly, 1n
another aspect, the mmvention provides novel unit dosage
forms of dipyridamole.

Convenient unit dosage forms of dipyridamole (as single
active) are vials, ampules, or prefilled syringes, usefully with
0.1 ml graduations, containing dipyridamole at a concentra-
tion of 0.5 mg/ml. At a dipyridamole dose 0135-40 ug/kg, a 5
mg/10 ml vial, ampule, or prefilled syringe 1s suflicient for
almost all clinical needs, and 1s convenient for immediate and
accurate dose adjustment. Also useful are unit dose forms of
dipyridamole containing 4 mg/8 ml; 3.5 mg/7 ml; 3 mg/6 ml;
Smg/10 ml; 6 mg/12 ml and 8 mg/16 ml.

Unit dosage forms contaiming dipyridamole at a concen-
tration of 1 mg/ml—for example, unit dosage forms contain-
ing 6 mg dipyridamole 1n 6 ml, 5 mg/5 ml, 4 mg/4 ml, 3 mg/3
ml—also find use, but fine tuning the dose may be more
difficult at this higher concentration. In these embodiments,
adjustment 1s optimally obtained after dilution of dipy-
ridamole, e.g., 1n saline solution.

Preparations with dipyridamole concentrations over 1
mg/ml, such as 2 mg/ml, 2.5 mg/ml, 3 mg/ml, 3.5 mg/ml, 4
mg/ml, 4.5 mg/ml, even 5 mg/ml are feasible, and are par-
ticularly convenient 11 1t 1s intended to mix the whole of the
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dipyridamole unit dose into the adenosine unit dose, prior to
administration. In this case, the 2 mg/ml, 3 mg/ml, 4 mg/ml,
S mg/ml, 6 mg/2 ml or 8 mg/2 ml unit dosage forms (or
prefilled syringes) are particularly useful.

In other embodiments, dipyridamole unit dosage forms
contain dipyridamole at a lower concentration, such as 0.1

mg/ml. Usefully, such unit dosage forms contain 6 mg dipy-
ridamole 1n 60 ml (6 mg/60 ml), 5 mg/50 ml, 4 mg/40 ml, and
3 mg/30 ml. Dipyridamole preparations at a concentration of

0.2, 0.3, and 0.4 mg/ml are also permissible.

4.5.3 Adenosine Unit Dosage Forms

As described above, 1n some embodiments, dipyridamole
and adenosine are usefully provided 1n separate pharmaceu-
tical compositions, and then combined prior to administra-
tion. In some of these embodiments, a dipyridamole compo-
sition 1s usefully mntroduced 1nto a unit dose of adenosine, and
the combined composition then administered.

Thus, unit dosage forms of adenosine are provided, in
which adenosine 1s formulated 1n sterile fluid composition,
and 1n which the dose packaging permits sterile introduction
of a second fluid in a volume at least 15% that of the adenosine
composition.

Adenosine may be present at any of the concentrations at
which it 1s present in the pharmaceutical compositions above-
described—e.g., usetully from 1 mg/ml to 5 mg/ml—either as
directly packaged, or as thereafter will achieved upon 1ntro-
duction of an appropriate amount of dipyridamole composi-
tion.

For example, 1n one embodiment, an adenosine unit dosage
form contains 21 mg adenosine 1n 6 ml (21 mg/6 ml). This
will reconstitute to a desired 21 mg adenosine/7 ml (3 mg/ml
adenosine) composition upon introduction of 1 ml of 3 mg/ml
dipyridamole (e.g., the entirety of a unit dose of dipyridamole
containing 1 ml dipyndamole at 3 mg/ml). In another
embodiment, an adenosine unit dosage form contains 42
mg/12 ml. This will reconstitute to a desired 42 mg/14 ml (3
mg/ml) adenosine upon introduction of a 6 mg/2 ml dipy-
ridamole unit dose. In another embodiment, the adenosine
unit dosage form contains 28 mg adenosine/6 ml, which wall
reconstitute to 28 mg/7 ml (4 mg/ml adenosine) upon intro-
duction of a 4 mg/ml dipyridamole umt dose. In another
embodiment, the adenosine umit dosage form contains 56 mg
adenosine/12 ml, which will reconstitute to 56 mg/14 ml (4
mg/ml adenosine) upon introduction of an 8 mg/2 ml dipy-
ridamole unit dose. In another embodiment, the adenosine
unit dosage form contains 28 mg/3 ml or 35 mg/4 ml which
will reconstitute to 28 mg/4 ml and 35 mg/5 ml upon ntro-
duction of a 4 or 5 mg/ml dipyridamole unit dose respectively
(7 mg/ml adenosine). In another embodiment, the adenosine
unmt dosage form contains 42 mg/4 ml or 56 mg/6 ml which
will reconstitute to 42 mg/6 ml and 56 mg/8 ml upon ntro-
duction of a 6 mg/2 ml or 8 mg/2 ml dipyridamole unit dose
respectively (7 mg/ml adenosine). The following table sum-
marizes exemplary unit dosage forms.

TABLE 2
Volume (ml) Maximal
of Final Total Total amount  patient’s
Initial dipyridamole adenosine amount of of welght
adenosine solution vial (ml) Final adenosine dipyridamole covered by
vial added to each  volume after adenosine per unit (A:D ratio the
volume adenosine addition of  concentration dosage 7:1) composition
(ml) vial dipyridamole (mg/ml) form (mg) (mg) (kgs)
6 1 7 3 21 3 75
12 2 14 3 42 6 150
6 1 7 4 28 4 100
12 2 14 4 56 8 200
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TABLE 2-continued
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Volume (ml) Maximal
of Final Total Total amount  patient’s
Initial dipyridamole adenosine amount of of weight
adenosine solution vial (ml) Final adenosine dipyridamole covered by
vial added to each  volume after adenosine per unit (A:D ratio the
volume adenosine addition of  concentration dosage 7:1) composition
(ml) vial dipyridamole (mg/ml) form (mg) (mg) (kgs)
3 1 4 7 28 4 100
4 1 5 7 35 5 125
4 2 6 7 42 6 150
6 2 8 7 56 8 200
In certain embodiments, dipyridamole and adenosine are ;5  Forty (40) consecutive patients suflering from 1schemic

sequentially sampled from separate unit dosage forms, and
mixed 1n the same syringe. In these embodiments, convenient
adenosine unit dosage forms are 28 mg of adenosine 1 7 ml
and 56 mg of adenosine 1n 14 ml (4 mg/ml adenosine).
Typically, dosing and sampling are thereafter determined
according to adenosine tables, and not dipyridamole tables.

4.6 Kits

In another aspect, kits are provided 1in which one or more
unit doses of dipyridamole, such as those above-described,
are packaged with one or more unit doses of adenosine, such
as those above-described. Typically, the kit will comprise an
equal number of dipyridamole and adenosine doses.

In some embodiments, the unit dose of dipyridamole 1s
packaged 1n a pre-packed syringe, and the adenosine umit
dose 1s packaged as a vial with an injection port, such as a
septum, permitting sterile mtroduction of dipyridamole 1nto
the adenosine dose.

In various embodiments, the kit further includes one or
more of an adenosine dosage table, one or more needles,
diluent, and infusion sets.

d. EXAM.

PLES
5.1 Example 1

The effects of administering dipyridamole and adenosine
intravenously as a combined (albeit, sequentially adminis-
tered) pharmacological stressor were compared to the effects
of administering adenosine alone 1n 40 consecutive patients
sulfering from i1schemic heart disease. In the combined
administration, each of the two agents was administered at a
dosage lower than 1ts clinically preferred dosage when used
as a single agent for myocardial perfusion imaging. Effects
were measured using noninvasive transthoracic doppler
echocardiography (TTDE).

Primary efficacy end-points were peak and mean diastolic
flow velocities (measured as retlecting coronary blood flow
values). The secondary end-point was patient tolerance to the

procedure. The protocol was designed as follows.
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heart disease were enrolled. Each patient served as his own
control.

Adenosine was administered by IV infusion for three min-
utes at the standard single-agent infusion rate of 140 ug/kg/
min.

After a stabilization period of five minutes, patients then
received an IV injection of dipyridamole at a total dose of
either 23 ng/kg, 28 ug/kg, or 35 ng/kg, administered as a bolus
over about 20-30 seconds. These total doses are between
about 4-6% of the lowest single-agent total dose of dipy-
ridamole (1.e., 0.56 mg/kg, infused over a total of 4 minutes).

The bolus 1njection of dipyridamole was followed 1imme-
diately by an IV infusion of adenosine at 70 nug/kg/min for 3
minutes. This dose 1s half the standard single-agent dosage
rate of 140 pug/kg/min.

Blood flow velocity was measured in the left anterior
descending coronary artery (LAD) at four time points: (1)
betfore 1itial adenosine mifusion (spontancous tlow at rest),
(11) during the 1nitial 140 ug/kg/min adenosine mfusion, (111)
before the sequential administration of dipyridamole and
adenosine (during the stabilization period), and (1v) during
the 70 ug/kg/min adenosine infusion, subsequent to dipy-
ridamole bolus injection.

Results are given in Tables 3-6. Abbreviations used in the
table are defined below:

ADE: adenosine alone at 140 pg/kg/min

SC: sequential combination of dipyridamole followed by

adenosine at 70 ug/kg/min

PV: peak velocity (cm/sec)

MV: mean velocity (cm/sec)

max: velocity under stress conditions

min: velocity at rest (under basal conditions)

( ): standard deviation

D %: velocity differential (peak or mean), as percentage of

maximum peak or mean Velocity

Table 3 presents results comparing dipyridamole 28 Mg/kg
IV bolus (over 20-30 seconds) followed by adenosine infu-
sion at 70 pug/kg/min (“DIPS” sequential combination) as
compared to adenosine infusion alone at the standard single-
agent dose of 140 ug/kg/min, in 30 patients.

TABLE 3
Peak velocity Peak velocity Mean velocity Mean velocity
ADE SC ADE SC
Max Min Max Min Max Min Max Min
82.6 30.6 81 30.6 61.4 23.1 60.2 22.9
(20.7) (8.5)  (21) (9.6) (15.1) (6.1) (15.3) (7.3)
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TABLE 3-continued

Peak velocity Peak velocity Mean velocity Mean velocity
ADE SC ADE SC

Max Min Max Min Max Min Max Min

Max velocity PV:82.6 -81=1.6 MV:614-602=1.2
differential
Max velocity 1.9% 1.9%
differential
(D %)
P value 0.217 0.201
Table 4 presents results comparing dipyridamole (35 (“DIP4” sequential combination) as compared to adenosine
ug/kg) bolus (administered over 20-30 seconds), followed by 15 1nfusion alone at the standard single-agent dose of 140 ug/kg/
adenosine, administered by infusion at a rate of 70 ng/kg/min min, in 5 patients.
TABLE 4
Peak velocity Peak velocity Mean velocity Mean velocity
ADE SC ADE SC
Max Min Max Min Max Min Max Min
Mean (s.d.) 80 28 78.8 28 60.4 22.2 57.8 23
(223) (74)  (153)  (7.7) (155 (5 (14.4)  (5.7)
Max velocity PV:80-788=1.2 MV: 604 - 57.8=2.6
differential
Max velocity 1.5% 4.3%
differential
(D %0)
P value 0.863 0.448%

Table 5 presents results comparing dipyridamole (23
ug/kg), administered as a bolus over 20-30 seconds, followed
by adenosine, administered by infusion at a rate of 70 ng/kg/

35 min (“DIP6” sequential combination) as compared to adenos-
ine infusion alone at the standard single-agent dose of 140
ug/kg/min, 1n 5 patients.

TABLE 5
Peak velocity Peak velocity Mean velocity Mean velocity
ADE SC ADE SC

Max Min Max Min Max Min Max Min

Mean (s.d.) 107 37.6 1054 38.6 80.2 28.2 79.2 30
(36.5) (12.1) (34.3) (16.5) (25.4) (11.1) (24.2) (14.7)

Max velocity PV: 107 -1054=1.6 MV:R0.2-792 =1

differential

Max velocity 1.5% 1.2%

differential

(D %)

P value 0.842 0.771

Table 6 presents results cumulated from all 40 patients:

TABLE 6

Peak velocity Peak velocity Mean velocity Mean velocity
ADE SC ADE SC

Max Min Max Min Max Min Max Min

Mean (s.d.) 85.3 31.2 83.8 31.3 63.6 23.7 62.3 23.7
(24) (9) (23.3)  (10.5) (17.3) (6.8) (17.3) (8.4)
Max velocity PV:853-838=1.5 MV: 63.6 -623=1.3

differential
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TABLE 6-continued

24

Peak velocity Peak velocity Mean velocity Mean velocity
ADE SC ADE SC
Max Min Max Min Max Min Max Min
Max velocity 1.75% 2%
differential
(D %)
P value 0.314 0.109

The measured blood flow velocities, whether peak or
mean, were 3 1o 4% lower, 1n absolute values, than those of

adenosine alone (see Tables 3 to 6). However, these differ-

ences were not statistically significant (all P values >0.03):
there was no statistical difference between the standard treat-
ment—infusion of adenosine alone at 140 ug/kg/min—and
sequential bolus administration of dipyridamole (at 4-6% 1ts
typical single-agent total dose) followed by adenosine at 70
ug/kg/min, whether assessed separately for each of the three
tested dipyridamole doses (Tables 3-5), or cumulated across
all dipyridamole doses (Table 6).

Table 7 shows the number and frequency of occurrence
among all 40 patients of the three adverse events most com-
monly observed 1n clinical practice upon administration of
adenosine alone at 140 ug/kg/min: chest pain, dyspnea, and
flushing

TABLE 7
ADE All SC (DIP 4/5/6)
# patients reporting  # patients reporting

Adverse event  events (frequency)  events (frequency) % reduction

Chest pain 9 (22.5%) 5 (12.5%) —-44%
Dyspnea 20 (50%) 18 (45%) slight
Flushing 21 (52.5%) 17 (42.5%) slight

Table 8 presents descriptive statistics and analysis of the
mean global visual analogue scale (VAS) score for the three
main adverse events (each one being scored from 0 to 10 with
a total score of 30). VAS scores provide a measure of patient
self-assessment of pain intensity/discomiort.

TABLE 8

n Mean D
Group DIP4 ADE 5 54 1.949
SC 5 3 3.742
Group DIP5 ADE 30 5.95 3.705

SC 30 4.383 3.3%
Group DIP6 ADE 5 8.2 1.095
SC 5 4.4 2.408

Although not tabulated 1n Table 8, the severity of the three
main adverse symptoms, cumulated across all dipyridamole
doses, was reduced by 31.6% with the sequential combina-
tion as compared to adenosine alone. This decrease was sta-
tistically significant (p=0.001). No difference was observed
as among the different doses of dipyridamole: all sequential
combinations reduced mean severity on the VAS of each of
the three main adverse symptoms, as compared to adenosine
alone at 140 pug/kg/min.

As shown 1n Table 7 the number (and frequency) of adverse
events related to the stimulation of A1 receptors, mainly chest
pain, was reduced by 44% and its severity (not shown)
decreased by 60% with the sequential combination treatment
as compared to adenosine alone. The number (and frequency)
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ol adverse events related to the stimulation of A2a receptors,
mainly dyspnea and flushing, did not decrease. However their
severity (not shown) decreased by 24 and 38% respectively,
with the sequential combination compared to adenosine
alone.

The mean coronary flow reserve (ratio of maximal-stimu-
lated coronary blood flow “CBF” to baseline-resting CBF
equivalent to peak and mean blood flow velocities ratios) of
the 40 patients enrolled in the study was above 2, which
indicates that the observed reduction in side effects with

sequential treatment was drug dependent, and not flawed by
the 1schemic status of the studied population.

Although not shown in the tabular data, EKG was not
significantly different with the sequential combination treat-
ment as compared to standard single-agent adenosine, and
remained unchanged 1n all the patients. Vital signs (heart rate,
systolic and diastolic blood pressures) changed similarly with
the two methods. However, the heart rate increase and blood
pressures decreases were less pronounced with the sequential
combination than with adenosine alone.

It should be noted that 1n the first series of 30 patients (DIP3
group), three (3) patients received the adenosine infusion 2
minutes after the dipyridamole bolus, and two (2) patients
were 1njected the two agents (dipyridamole and adenosine)
concurrently in the same infusion line using a “Y” connector.
These two modalities appeared equally effective and as eflec-
tive as the immediate sequential administration protocol.

In a first control experiment, 5 patients were treated
according to a modification of the experimental protocol, 1n
which the initial adenosine infusion at 140 pg/kg/min was
followed by a five (5) minute stabilization period, and there-
alter by a second, single-agent, adenosine infusion at 140
ug/kg/min, without the use of dipyridamole. Results are
shown 1n Table 9. Abbreviations used in the table are defined
below:

PV: peak velocity (cm/sec)

MV: mean velocity (cm/sec)

max: velocity under stress conditions

min: velocity at rest (under basal conditions)
ADE]1: first adenosine infusion

ADE2: second adenosine infusion

TABLE 9

PV-ADEI1 PV-ADE?2 MV-ADE1 MV-ADE?2
Patient ID Max Mm Max Min Max Min Max Min
MART 68 34 60 31 49 25 45 23
LIEN 65 23 66 22 48 17 48 16
GRAND 102 30 103 29 75 22 75 22
NGHI 73 30 63 26 53 23 47 21
CORD 70 28 62 25 50 20 48 20
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TARBI E 9-continued Randomization of SPECT i1mages, and their analysis by
two blinded readers, took place every 10 patients. Anony-
PV-ADEL _ PV-ADE2  _ MV-ADE] MV-ADFE? mous and randomized 1mages were assessed using the stan-
| | | | | dard 17-segment model and the semi-quantitative visual
Fatient 1D Max  Mm  Max M Max  Min Max M o000 method on a 5-point scale (from 0 to 4). Safety of the
Mean 756 29 708 266 55 214 526 204 procedure was analyzed as 1n the preceding hemodynamic
Max PV: 75.6 (ADE1) - 70.8 MV: 55 (ADE1) - 52.6 study (Example 1) using a visual scale, focusing on the three
velocity (ADE2) = 4.8 (ADE2) = 2.4 most common symptoms seen with adenosine, as well as on
differ- EKG changes and other usual cardiac parameters.
;ﬂifﬁm 0.1 0.11 The study 1s on-going. It will include a total of about 60
: : 10 . .
patients. Preliminary results are as follows.
About 10 patients whose participation permitted the study
No statistically significant differences (P>0.05) werenoted  protocol details to be finalized have been excluded from study
in velocity measurements as between first and second adenos- statistics. However they provided the following information,
ine 1nfusions. No significant differences were noted 1n the summarized below.
occurrence of subjective symptoms (data not shown). These 1°  The 70 ng/kg/min adenosine+28 ng/kg dipyridamole com-
data confirm previous literature reports that adenosine, bination provided images comparable to those provided by
administered acutely, does not induce tachyphylaxis. The Adenoscan 1n 3 patients, but scored less well 1n two patients,
data serve to validate the protocol design. at a level deemed unacceptable according to the study proto-
In a second set of control experiments, dipyridamole was col. The 70 ug/kg/min adenosine+35 ug/kg dipyridamole
administered alone by bolus injection to 5 patients at the < combination provided images comparable to Adenoscan in 7
dosage of 28, 35 or 40 ug/kg after a three minute adenosine consecutive patients, while under-scoring Adenoscan 1n one
infusion at 140 ug/kg/min, and again after a 3 minute stabi- patient, but within the acceptable limits defined by the proto-
lization period. Data are shown in Table 10. col.
TABLE 10
DIP Symptoms Symptoms
Patient dose PV-ADE PV-DIP MV-ADE MV-DIP  under under
ID (ng’kg) Max Min Max Mm Max Mm Max M ADE DIP alone
GROS 28 84 27 26 23 64 20 21 19 Flushing  None
8/10
COCH 35 84 32 40 30 61 23 2% 22 Flushing None
6/10
WURI 35 8% 25 23 21 71 21 20 18 None None
STUR 40 92 33 35 33 67 23 25 23 Dyspnea  None
5/10
TALL 40 112 33 40 34 86 25 29 24 None None
Dipyridamole did not modily peak and mean diastolic In five patients of this mitial series, adenosine and dipy-
velocities. No symptoms were recorded during a follow-up of #” ridamole were mixed together before administration and
10 minutes. The data demonstrate that intravenous bolus infused over 4 minutes. This modality was successtul 1n all
administration of dipyridamole as a single agent 1n the dosage the patients.
range used 1n the experimental protocol, has no detectable The combination stressor of 40 ng/kg dipyridamole and 70
elfects; doses of dipyridamole at 28 to 40 ug/kg alone do not ug/kg/min adenosine was tested and showed equivalent, and
induce significant hemodynamic and clinical effects. 45 sometimes better results, than Adenoscan in terms of 1maging,
eificacy 1n 19 patients (10 sequential and 9 concurrent admin-
5.2 Example 2 istrations). Table 11 shows the stress scores (correlated to
ischemia defects) for the first 10 patients of this 40 ug/ke
A Phase 11 study was initiated to compare dipyridamole- series (denominated, “Series I—sequential administration).
adenosine combination administration (also termed herein, at 50
all doses, Adenosoit™) to adenosine alone (Adenoscan®, TABLE 11
Astellas) as a pharmacologic stressor in coronary patients
undergoing single photon emission computed tomography Corion T S&T:ﬂf;}fﬂ ‘)A‘ SH&S(SSSS:’ e B Deltn score
(SPECT) imaging studies. The study, which 1s ongoing, 1s a
mono-center, single-blind, 2-arm, cross-over trial. 55 Patient 1 5 4 1
All patients underwent a first SPECT imaging study using Eat?eﬂt g 12 1; é
adenosine as single agent pharmacologic stressor at 140 PEEZEE 4 4 4 0
ug/kg/min, according to standard clinical protocol. Only Patient 5 7 7.5 ~0.5
those patients in whom an 1schemic zone was detected were Patient 6 5 5 0
declared eligible for the second test, and were enrolled in the 60 ﬁiiﬁ ; 1j 13 é
study if other inclusion criteria were satisiied. Dotiont O 5 15 3 74
In the second test, eligible patients were stressed pharma- Patient 10 5 6 1
cologically by either bolus administration of dipyridamole
over 20-30 seconds, followed by adenosine infusion at 70 Total -
ug/kg/min or their concurrent administration. SPECT images 65

were acquired as per the standard approach performed the
preceding week.

The “stress score” 1s the 1mage of 1schemia in one or more
of the 17 cardiac segments, as scored from O to 4 by the
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blinded reader using the following scale: normal perfusion=0,
mild reduction 1n counts=1, moderate reduction 1n counts=2,
severe reduction=3, absence ol uptake=4). Normally, a zone
ol 1schemaia 1s certain when a score =4 1s noted. A stress score
sums the scores of all abnormal segments. d

“Stress score A” 1s the 1mage score difference between
stress conditions between adenosine alone and rest condi-
tions. “Stress score B 1s the image score difference between
stress conditions with the combination stressor—dipy-
ridamole bolus at 40 nug/kg over 20-30 seconds, followed by
adenosine mnfusion at 70 ug/kg/min—and resting conditions.
“Delta score” 1s the difference between “Stress score A and
“Stress score B.” It must not be >2

Since thallium 1s currently deemed the best 1sotope to test
myocardial viability at rest, and sestamibi the best 1sotope to
detect myocardial defects under stress conditions, a dual 1so-
tope myocardial scintigraphy technique was used for this
study.

As seen from the data 1n Table 11, no patient had a delta ¢
score greater than 2: 1.e., 1n no patient did the combination
stressor perform significantly worse as compared to Adenos-
can. In three (3) patients, the delta score was negative, indi-
cating that the ischemic defects were better visualized with
the combination stressor than with Adenoscan alone. Total 25
delta score for the ten patients, which is the primary study
end-point, 1s below 2 and even negative

The second 40 ug/kg series corresponding to the concur-
rent administration of adenosine 70 ug/kg/min with dipy-
ridamole 10 ug/kg/min 1s expected to provide similar results
(a preliminary analysis made by a technician who does not
participate to the trial indicates that images are comparable in
all the patients). However the randomized analysis of this
series of 1mages by the two blinded readers with correspond-
ing delta scores has not vet been performed (one patient
missing to get to 10).

With respect to patient tolerance of the procedure, nitial
results are shown 1n Table 12 (n=27 patients). Data from these
initial results indicate that there 1s not much difference 1 4,
symptomotology between (1) 35 ug/kg dipyridamole com-
bined with 70 ng/kg/min adenosine, and (1) 40 pg/kg of
dipyridamole combined with 70 upg/kg/min adenosine.
Results are therefore cumulated, and include data from 8
patients treated with 35 ng/kg dipyridamole plus adenosine at 45
70 ug/kg/min, and from 19 patients treated with 40 ug/kg
dipyridamole, plus adenosine at 70 ug/kg/min (SC). Given
the similar adverse eflect profile, the 40 ng/kg dipyridamole
dose 1s currently preferred, since it tends to show greater

cificacy. As noted above, all 27 patients were first 1imaged s
using Adenoscan alone (ADE).
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TABLE 12
ADE SC
(# patients reporting (# patients reporting R
Adverse events event) event) % reduction
Chest pain 14 8 —-43%
Dyspnea 11 9 None
Flushing 14 14 None
60

Note:

Reduction in the number of chest pain events among the patients (n = 19) who received
dipyridamole 40 pg/kg with adenosine 70 pug/kg/mn was —45% with no difference regarding
the number of other adverse events.

# = number of

Table 13 gives adverse event severity cumulated scores, 65
evaluated on a visual scale (going from O to 10), for the first 27
patients.

28

TABLE 13
Chest pain Dyspnea Flushing
Adenosine 60 40 43.5
Combination 18.5 30 44.5
% Change -69% -25% +2.3%

Note:

% of changes among the patients (n = 19) who recerved dipyridamole 40 ng/kg with
adenosine 70 pg/kg/mn were very similar to those of the table above

At this point 1n time, no difference in the occurrence of A,
receptor-related side effects, or severity of symptoms, has
become clearly apparent as between the combination stressor
and Adenoscan. In contrast, the reduction in the occurrence
(—43%) and severity (-69%) of chest pain (an A, receptor-
related adverse eflect) has already become manifest in the
first 27 patients. So too has reduction in ST changes on EKG,
which are fewer and less severe during testing with the com-
bination as compared to Adenoscan: 1n 27 patients tested to
date, only 6 patients have ST varniations. The difference 1n
ST-variation for each patient alone 1s not significant, but the
total difference has achieved significance, with a clear trend
in favor of the combination. In the table below (Table 14)
ST-changes/baseline are expressed 1in millimeters.

TABLE 14

Patient ID Adenosine 140 pg/kg/mn Combination
N°5 0.5 0

N°12 1 0.1
N°14 0.8 0.3
N°16 1 0.7
N°17 1.2 0.9
N°24 ] 0

Total 5.5 2

5.3 Example 3

A study was undertaken to assess pharmacological prop-
erties of a pharmaceutical composition comprising adenosine
and dipyridamole at an A:D weight ratio of 7:1. In particular,
the study was conducted to assess the properties of a compo-
sition comprising adenosine at a concentration of 7 mg/ml
and dipyridamole at a concentration of 1 mg/ml. This particu-
lar formulation 1s very convement, since it permits the use of
plain figures for calculating concentrations, maximal vol-
umes, and weights—which 1s usetul to reduce dosing errors
in the clinical setting—while also covering a wide range of
needs, as shown 1n the table below:

TABLE 15
Total Maximal
amount of patient
Adenosine adenosine per weight Total amount
concentration  Volume unit covered  of dipyridamole
(mg/ml) (ml) (mg) (kgs) per unit (mg)
7 2 14 50 2
3 21 75 3
4 28 100 4
5 35 125 5
6 42 150 6
8 56 200 8

Dipyridamole 1s poorly soluble 1n saline and 1s unstable 1n the
long term 1n solvents at pH>4. Adenosine compositions cur-
rently used i clinical practice have pH>4, and are thus poorly
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suited to addition of dipyridamole. Therefore, a more acidic
pH was chosen. The lower pH also increases adenosine solu-
bility above 4 mg/ml, which is the upper acceptable adenos-
ine concentration limit in saline.

The following composition was prepared:

TABLE 16
Final con-

Component centration Supplier Relference
Adenosine 7mg/ml Sigma Aldrich  Eur. Ph.

January 2005: 1486
Dipyridamole 1 mg/ml Sigma Aldrich  Eur. Ph.

January 2005: 1199
Polyethyleneglycol 50 mg/ml  SASOL Eur. Ph..
600 January 2005: 1444
Tartaric acid 2mg/ml Sigma Aldrich  Eur. Ph..

January 2005: 0460
Water for injection — (1 ml) Aguettant AMM: 319 508.5

After sonication for 2 minutes and magnetic stirring for 10
minutes, the solution became completely clear with a pH of
3.6 and an osmolality of 151 mosmol/kg.

In summary, adenosine (Adenoscan, Astellas) 1s the stan-
dard pharmacological stressor used i1n cardiac 1maging to
induce near-maximal coronary vasodilation. At 1ts recom-
mended dosage rate of 140 ug/kg/min, 1ts use 1s attended by
numerous uncomiortable side effects. The data from these
studies demonstrate that the sequential bolus administration
of dipyridamole at 28-40 ng/kg—well below the total dose
infused when dipyridamole 1s used as a single agent stres-
sor—ifollowed by infusion of adenosine at 70 ng/kg/min, 1s
equally efficacious in providing coronary vasodilation for
imaging studies, while causing fewer side eflects. The data
also demonstrate that dipyridamole and adenosine may be
combined 1n a single infusion, over 4 minutes, to similar
elfect. Among the side effects reduced by the combination of
the present invention are chest pain, and the risk of significant
heart blockage.

All publications, patents, patent applications and other
documents cited 1n this application are hereby incorporated
by reference 1n their entireties for all purposes to the same
extent as 1f each individual publication, patent, patent appli-
cation or other document were individually indicated to be
incorporated by reference for all purposes.

While various specific embodiments have been illustrated
and described, 1t will be appreciated that various changes can
be made without departing from the spirit and scope of the
ivention(s).

What is claimed 1s:

1. A pharmaceutical composition comprising, in admix-
ture, adenosine and dipyridamole in an adenosine:dipy-
ridamole weight ratio of 2:1 to 10:1, wherein the composition
1s formulated for parenteral administration, wherein the
adenosine and dipyridamole are formulated to be adminis-
tered together and are the only actives 1n the composition and
wherein the composition has a pH of between 2 and 3.6.

2. The pharmaceutical composition according to claim 1,
in which the ratio 1s 2:1 to 4:1.

3. The pharmaceutical composition according to claim 1,
in which the ratio 1s 7:1.

4. The pharmaceutical composition according to claim 1,
in which the ratio 1s 8:1.

5. The pharmaceutical composition according to claim 1,
wherein adenosine and dipyridamole are present 1n amounts
that permit adenosine to be administered at a dosage rate o135
to 100 pg/kg/min and dipyridamole to be administered at a
dosage rate of 3.5 to 50 ug/kg/min.
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6. The pharmaceutical composition of claim 1, wherein the
composition 1s formulated for intravenous administration.

7. The pharmaceutical composition according to claim 5,
wherein adenosine and dipyridamole are present at concen-
trations that permit administration of adenosine at a dosage
rate o1 70 ug/kg/min and dipyridamole at a dosage rate 01 8.75
to 10 ng/kg/min.

8. The pharmaceutical composition according to claim 5,
wherein adenosine and dipyridamole are present at concen-
trations that permit administration of adenosine at a dosage
rate of 50 ug/kg/min and dipyridamole at a dosagerate ol 12.5
to 25 ng/kg/min.

9. The pharmaceutical composition according to claim 5,
wherein the concentration of adenosine 1s about 1 to about 10
mg/ml.

10. The pharmaceutical composition according to claim 9,
wherein the concentration of adenosine 1s about 3 mg/ml.

11. The pharmaceutical composition according to claim 9,
wherein the concentration of adenosine 1s about 4 mg/ml.

12. The pharmaceutical composition according to claim 9,
wherein the concentration of adenosine 1s about 5 mg/ml.

13. The pharmaceutical composition according to claim 9,
wherein the concentration of adenosine 1s about 7 mg/ml.

14. The pharmaceutical composition according to claim 3,
wherein the concentration of dipyridamole 1s about 0.1 to 5
mg/ml.

15. The pharmaceutical composition according to claim
14, wherein the concentration of dipyridamole 1s about 0.375
to 0.428 mg/ml.

16. The pharmaceutical composition according to claim
14, wherein the concentration of dipyridamole 1s about 0.5 to
0.571 mg/ml.

17. The pharmaceutical composition according to claim
14, wherein the concentration of dipyridamole 1s about 0.625
to 0.714 mg/ml.

18. The pharmaceutical composition according to claim
14, wherein the concentration of dipyridamole 1s about 0.75
to 0.857 mg/ml.

19. The pharmaceutical composition according to claim
14, wherein the concentration of dipyridamole 1s about 0.875
to 1 mg/ml.

20. The pharmaceutical composition according to claim
14, wherein the concentration of dipyridamole 1s about 1
mg/ml.

21. A unit dosage form comprising about 2 ml to 50 ml of
a pharmaceutical composition comprising, in admixture,
adenosine and dipyridamole 1n an adenosine:dipyridamole
weilght ratio of 2:1 to 10:1, wherein the composition 1s for-
mulated for parenteral administration, wherein the adenosine
and dipyridamole are formulated to be administered together
and are the only actives in the composition and wherein the
composition has a pH between 2 and 3.6.

22. The unit dosage form of claim 21 comprising about 2
ml of the pharmaceutical composition.

23. The unit dosage form of claim 21 comprising about 3
ml of the pharmaceutical composition.

24. The unit dosage form of claim 21 comprising about 4
ml of the pharmaceutical composition.

25. The unit dosage form of claim 21 comprising about 3
ml of the pharmaceutical composition.

26. The unit dosage form of claim 21 comprising about 7
ml of the pharmaceutical composition.

277. The unit dosage form of claim 21 comprising about 8
ml of the pharmaceutical composition.

28. The umit dosage form of claim 21 comprising about 14
ml of the pharmaceutical composition.
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29. A unit dosage form comprising about 5 to about 60 mg,
of adenosine and about 0.5 to about 30 mg of dipyridamole, 1n
an adenosine:dipyridamole weight ratio of 2:1 to 10:1,
wherein said unit dosage form 1s a solid capable of sterile
reconstitution in a physiologically acceptable solvent or solu-
tion to form a parenteral formulation, wherein adenosine and
dipyridamole are the only actives 1n said unit dosage form and
wherein the parenteral formulation has a pH of between 2 and

3.6.

30. The umit dosage form of claim 29 comprising about 21
mg ol adenosine and about 3 mg of dipyridamole.

31. The unit dosage form of claim 29 comprising about 28
mg of adenosine and about 4 mg of dipyridamole.

32. The unit dosage form of claim 29 comprising about 335
mg of adenosine and about 5 mg of dipyridamole.

33. The unit dosage form of claim 29, comprising about 42
mg ol adenosine and about 6 mg of dipyridamole.

34. The unit dosage form of claim 29 comprising about 56
mg ol adenosine and about 8 mg of dipyridamole.
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35. The unit dosage form claim 29 comprising about 20 mg,
ol adenosine and about 5 to 10 mg of dipyridamole.

36. The umt dosage form of claim 29 comprising about 30
mg ol adenosine and about 7.5 to 15 mg of dipyridamole.

3’7. The unit dosage form of claim 29 comprising about 40
mg of adenosine and about 10 to 20 mg of dipyridamole.

38. The pharmaceutical composition according to claim 6,
wherein adenosine and dipyridamole are present at concen-
trations that permit administration of adenosine at a dosage
rate o1 70 ug/kg/min and dipyridamole at a dosage rate 01 8.75
to 10 ng/kg/min.

39. The pharmaceutical composition according to claim 6,
wherein adenosine and dipyridamole are present at concen-
trations that permit administration of adenosine at a dosage
rate of S0 ug/kg/min and dipyridamole at adosagerateof 12.5
to 25 ng/kg/min.
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